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Climate warming shifts Indian monsoon season: Evidence from observation
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Statement of the Problem: The Indian summer monsoon is the season of rain. The economy of India can maintain its GDP
in the wake of a good monsoon. However, if monsoon gets delayed by even two weeks, it can spell disaster because of the
high population depending on agriculture—70% of its people are directly related to farming. In Central India, the variability
of monsoon is quite high due to local changes such as rapid urbanization and industrialization. The forecasting of climate
phenomena on a seasonal scale is a challenge, mostly because there is no recent historical precedent for such change in the
climate system.

Methodology & Theoretical Orientation: We forecasted monsoon using our recently developed methodology, which is based
on the theory of critical transitions. Our predictions rely on observations of near-surface air temperature and relative humidity
from both the ERA-40 and NCEP/NCAR re-analyses. We performed our forecasts for the onset and withdrawal of monsoon
for the Central part of India.

Findings: It was revealed that climate change affects the Indian summer monsoon in two aspects: in the last decade, the
intensity of monsoon rainfalls in the Central part of India has increased, and the onset and withdrawal of the monsoon
have been delayed. This is due to an increase in spring temperatures and a slower cooling in autumn that is linked to global
warming. The novel approach allows accounting climate change effects and predicting the monsoon onset and withdrawal
dates for 40 and 70 days in advance, respectively. The results show that our method allows predicting the monsoon not only
retrospectively, but also in the future: in 2016 and 2017 both of our forecasts were successful. Hence, we proved that such early
prediction of the monsoon timing is possible even under the conditions of climate change.
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